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(54) HEAT EXCHANGER 

(57) Waved uneven portions (11 2f r 122f) are formed 
on the protrusion portions (112e, 122e) of the fins (112, 
122) protruded from an end of the tubes (111, 121) in 
the width direction of the tube without cutting part of the 
protrusion portions ( 1 1 2e, 1 22e) to increase the surface 
area of the fins ( 1 1 2, 1 22). AS a result, the surface area 
of the protrusion portions (112e, 122e) may be in- 



creased without decreasing the thermal conductive area 
extending to the end of the protrusion portions (11 2e, 
122e), and thereby a sufficient amount of heat may be 
conducted especially to the protrusion portions (112e, 
122e), with decreasing airflow resistance, and an im- 
provement in radiation ability appropriate to the increase 
of radiation area may, accordingly, be achieved. 
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Description 

Field of the Invention 

[0001] The present invention relates to a heat ex- 
changer, particularly to a duplex heat exchanger in 
which a radiator and a condenser for a vehicle are inte- 
grated. 

Background of the Invention 

[0002] According to the invention proposed in Japa- 
nese unexamined Patent Publication 10-231 724, for ex- 
ample, the cooling fins of the heat exchanger have a 
protrusion portion protruded from an end of the tube in 
the width direction of the tube to the direction perpen- 
dicular to the longitudinal direction of the tubes to in- 
crease the radiation area, thus improving the radiation 
ability ol the heat exchanger. The width direction of the 
tube is a direction perpendicular to the longitudinal di- 
rection of the tube. 

[0003] As is well known, the louvers on the cooling fin 
(called a fin hereinafter) are formed in louver board style 
by cutting and setting up part of the fin, and disturb the 
airflow around the fin to suppress growth of the temper- 
ature boundary layer, thereby improving the heat trans- 
fer coefficient between the airflow and the fin. However, 
since the louvers disturb the airflow, the resistance to 
the airflow passing through the heat exchanger may be 
increased. 

[0004] In addition, since the louver is formed by cut- 
ting and setting up part of the fin, the thermal conductive 
area of the fin extending to the end of the protrusion por- 
tion is decreased, and thereby a sufficient amount of 
heat may not be conducted from the tube to the fin, and 
the improvement in radiation ability appropriate to the 
increase in radiation area may, accordingly, not be 
achieved. 

Disclosure of the Invention 

[0005] It is therefore an object of the invention to im- 
prove the heat exchanging ability of a heat exchanger 
having fins protruded from an end of the tube in the width 
direction thereof. 

[0006] In order to achieve the above object, a heat 
exchanger according to the present invention comprises 
a plurality of tubes (111, 121) in which fluid flows and 
which extend to the direction perpendicular to the direc- 
tion of airflow, and fins ( 1 1 2, 1 22) which are provided on 
the outer surface of the tubes (111 , 121) to accelerate 
the heat exchange between air and the fluid, wherein 
the fins (1 1 2, 1 22) have protrusion portions (1 1 2e, 1 22e) 
protruded from an end of the tubes (111, 121) in the 
width direction of the tube to the direction perpendicular 
to the longitudinal direction of the tubes (111 , 121), and 
uneven portions (112f, 122f) are formed on the protru- 
sion portions (112e. 122e). without cutting part of them, 
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to increase the surface area of the fins (112, 122). 
[0007] In this embodiment, the surface area of the 
protrusion portions (1 1 2e, 1 22e) may be increased with- 
out decreasing the thermal conductive area extending 
5 to the end of the protrusion portions (112e, 122e), and 
thereby a sufficient amount of heat may be conducted 
from the tubes (111, 121) to the fins (112, 122), espe- 
cially to the protrusion portions (112e, 122e), and the 
improvement of radiation ability appropriate to the in- 
10 crease of radiation area may be achieved accordingly. 
[0008] In addition, the uneven portions ( 1 1 2f , 1 22f ) do 
not disturb the airflow as much as the louvers because 
the uneven portions are not formed by cutting part of the 
fins in contrast to the louvers, thus decreasing the air- 
's flow resistance more than the louver. Although the heat 
transfer coefficient of the protrusion portions (112e, 
122e) may be lower than that In case that the louvers 
are provided, the surface area of the protrusion portions 
(1 1 2e, 1 22e) are increased without decreasing the ther- 
20 mal conductive area of the protrusion portions (112e, 
122e), and the air volume is increased due to the de- 
crease of airflow resistance, and thereby the radiation 
ability may be improved, 

[0009] Another embodiment of the present invention 
25 comprises a plurality of tubes (111, 121) in which fluid 
flows and which extend to the direction perpendicular to 
the direction of airflow, and fins (1 1 2, 1 22) which are pro- 
vided on the outer surface of the tubes (111, 1 21 ) to ac- 
celerate the heat exchange between air and the fluid, 
30 and on which louvers (11 2d, 122d) are formed in louver 
board style by cutting and setting up part of the fins (112, 
122), wherein the fins (112, 122) have protrusion por- 
tions (112e, 122e) protruded from an end of the tubes 
(1 1 1 , 1 2 1 ) in the width direction of the tube to the direc- 
ts tion perpendicular to the longitudinal direction of the 
tubes (111, 121), and the louvers (11 2d, 122d) formed 
on the protrusion portions (112e, 122e) are different 
from the louvers (11 2d, 122d) formed on the other por- 
tions than the protrusion portions (11 2e, 122e) of the fins 
JO (112,122). 

[0010] In this embodiment, the airflow resistance of 
the protrusion portions may be decreased, and the im- 
provement in radiation ability appropriate to the increase 
of radiation area may be achieved accordingly. 
45 [001 1 ] The heat exchanger of another embodiment of 
the present invention is a duplex heat exchanger com- 
prising a first heal exchanger (110) which is a heal ex- 
changer according to the present invention, and a sec- 
ond heat exchanger (120) which is a heat exchanger 
50 according to the present invention arranged in series 
with the first heat exchanger ( 1 1 0) in the direction of air- 
flow, wherein the protrusion portions (112e) of the first 
heat exchanger (110) are protruded to the second heat 
exchanger (120), and the protrusion portions (122e) of 
55 the second heat exchanger (120) are protruded to the 
first heat exchanger (110). 

[001 2] The present invention will be more fully under- 
stood in conjunction with the accompanying drawings 
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and the descriptions of the preferred embodiments of 
the present invention. 

Brief Description of the Drawings 

[001 3] In the drawings: 

Fig.1 is a perspective view of the duplex heat ex- 
changer of the first embodiment of the present in- 
vention viewed from the upstream side of the air- 
flow. 

Fig.2 is a perspective view of the duplex heat ex- 
changer of the first embodiment of the present in- 
vention viewed from the downstream side of the air- 
flow, . 

Fig.3 is a perspective view of the fin of the duplex 
heat exchanger of the first embodiment of the 
present invention. 

Fig.4A is a cross-sectional view of the core part of 
the duplex heat exchanger of the first embodiment 
of the present invention. 

Fig.4B is a cross-sectional view of the core part 
along the line A-A shown in Fig.4A. 
Fig.5 is a perspective view of the core part of the 
duplex heat exchanger of the first embodiment of 
the present invention. 

Fig.6 is a perspective view of the core part of the 
duplex heat exchanger of the second embodiment 
of the present invention. 

Fig. 7 is a perspective view of the core part of the 
duplex heat exchanger of the third embodiment of 
the present invention. 

Fig. 8 is a perspective view of the core part of the 
duplex heat exchanger of the fourth embodiment of 
the present invention. 

Fig.9 is a perspective view of the core part of the 
duplex heat exchanger of the fifth embodiment of 
the present invention. 

Fig. 1 0A is a cross-seciional view of the core part of 
the duplex heat exchanger of the sixth embodiment 
of the present invention. 

Fig. 1 0B is a cross-sectional view of the core part 

along the line A-A shown in Fig.lOA. 

Fig. 11 A is a cross-sectional of the core part of the 

duplex heat exchanger of a variation of the present 

invention. 

Fig.1 1 B is a cross-seclional view of the fin shown in 
Fig. 11 A. 

Fig.1 1C is a cross-sectional of the core part of the 
duplex heat exchanger of another variation of the 
present invention. 

Fig.1 1D is a cross-sectional view of the fin shown 
in Fig.11C. 
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Preferred Embodiments of the Present Invention 
(The first embodiment) 

5 [0014] The first embodiment relates to a duplex heat 
exchanger, which is a heat exchanger according to the 
present invention, in which a condenser (radiator, con- 
denser) for a refrigeration cycle system (air conditioner) 
for a vehicle, and a radiator for cooling the cooling v/ater 

10 (cooling liquid) for a water-cooled engine (liquid-cooled 
internal combustion engine). Fig.1 is a perspective view 
of the duplex heat exchanger 100 of the first embodi- 
ment viewed from the upstream side of the airflow. Fig. 
2 is a perspective view from the water-cooled engine 

'5 side (downstream side of the airflow). The condenser 
and the radiator are arranged in series in the direction 
of airflow so that the condenser is positioned on the up- 
stream side of the radiator. 

[0015] In Fig.1, reference numeral 110 denotes a con- 
20 denser (first heat exchanger) for conducting heat-ex- 
change between the refrigerant circulating in the refrig- 
eration cycle system and air to cool the refrigerant. The 
condenser 1 1 0 comprises a plurality of condenser tubes 
111 in which the refrigerant (first fluid) flows, condenser 
25 fins (first fins) 112 which are provided on the outer sur- 
face between each two condenser tubes 111 to accel- 
erate the heat exchange between the refrigerant and the 
air, header tanks 113 and 114 which are arranged at the 
both ends in the longitudinal direction of the condenser 
30 tubes 111 and are connected to the condenser tubes 
111, etc. 

[001 6] The header tank 1 1 3 at the right side in the fig- 
ure supplies and distributes the refrigerant to each con- 
denser tube 1 1 1 , and the header tank 1 1 4 at the left side 
35 in the figure collects the refrigerant after heat exchang- 
ing in each condenser tube 111. 

[0017] The condenser tubes 111 are of a multi-hole 
structure in which many refrigerant paths 111a are 
formed : and are formed flat in the manner of extrusion 

40 work or drawing work, as shown in Fig.4A. The condens- 
er fins 1 1 2 are integrated with the after-mentioned radi- 
ator fins 122, and the details are discussed later. 
[0018] In Fig.2, reference numeral 120 denotes a ra- 
diator for conducting heat-exchange between the cool- 

4 5 jng water flowing out from the water-cooled engine and 
air to cool the cooling water. The radiator 1 20 comprises 
a plurality of radiator lubes 121 in which cooling water 
(second fluid) flows, radiator fins (second fins) 122 
which are provided between each two condenser tubes 

50 1 1 1 to accelerate the heat exchange between the cool- 
ing water and air, header tanks 123 and 124 which are 
arranged at the both ends in the longitudinal direction of 
the radiator tubes 121 and are connected to each radi- 
ator tube 121, etc. 

55 [0019] The reference numeral 130 denotes a side- 
plate which is arranged at the end of the condenser 110 
and the radiator 120 to reinforce both of the condenser 
1 1 0 and the radiator 1 20. The tubes 1 1 1 and 1 21 , the 
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fins 112 and 122, the header tanks 113, 114 : 123, and 
1 24, and the side-plates 1 30 are integrated by soldering. 
[0020] The fins 112. 122 are discussed below. 
[0021] The fins 112, 122 are formed in a single piece 
by a roller forming method as shown in Fig. 3, and are s 
wave form corrugated fins consisting of a plurality of 
crest portions 112a, 122a, trough portions 112b, 122b, 
and flat portions 112c t 122c which connect adjacent 
crest portions 112a, 122a, and trough portions 112b, 
122b. " 10 

[0022] On the flat portions 112c, 122c, the louvers 
11 2d, 122d are formed in louver board style by cutting 
and setting up part of the flat portions 1 1 2c, 1 22c to dis- 
turb the airflow passing through the fins 1 1 2, 1 22 to pre- 
vent growth of a temperature boundary layer. As shown is 
in Fig.4A and 4B, connecting portions f are provided at 
intervals of a plurality of crest portions to connect the 
fins 112 and 122 so as to keep a distance of more than 
predetermined length W between the condenser fin 1 1 2 
and the radiator fin 122. 20 
[0023] The predetermined length W is at least more 
than the thickness of the fin 1 1 2 or 1 22, and a slit (space) 
S which is provided by keeping a distance of more than 
predetermined length W between the condenser fin 1 1 2 
and the radiator fin 1 22 functions as a heat transfer sup- 25 
pressing means for suppressing the heat transfer from 
the radiator 120 side to the condenser 110 side. 
[0024] Furthermore, on the radiator tube 121 side of 
the condenser fin 1 1 2, a protrusion portion 1 1 2e is pro- 
vided which protrudes from an end of the condenser 30 
tube 1 1 1 in the width direction of the tube to the radiator 
tube 1 21 , in the direction perpendicular to the longitudi- 
nal direction of the condenser tube 1 1 1 . On the condens- 
er tube 1 1 1 side of the radiator fin 1 22, a protrusion por- 
tion 122e is provided which protrudes from an end of the 35 
radiator tube 121 in the width direction of the tube to the 
condenser tube 1 1 1 , in the direction perpendicular to the 
longitudinal direction of the radiator tube 121 . 
[0025] In addition, as shown in Fig. 5, on the protrusion 
portions 112e : 122e, uneven portions 112f, 122f are JO 
formed in wave form in the manner of plastic deforma- 
tion by a roller forming machine without cutting part of 
the protrusion portions 112e, 122e to increase the sur- 
face area of the fins 112.1 22. The uneven portions 1 1 2f , 
122f are also formed so that the ridge direction Dw of 45 
the uneven portions 112f, 122f is substantially parallel 
wilh a cutting direction Dr of the louvers 11 2d, 122d. 
[0026] The ridge direction Dw of the protrusion por- 
tions 112f, 122f is the direction ranging the summits of 
the crest portions 112g r 122g (see Fig.4B) of the wave so 
form uneven portions 112f, 122f, and the cutting direc- 
tion Dr of the louvers 11 2d, 122d is the direction sub- 
stantially perpendicular to the ridge direction Df ranging 
the summits of the crest portions 112a, 122a of the fins 
112,122. 55 
[0027] Below are described advantages of this em- 
bodiment. 

[0028] According to this embodiment, the uneven por- 
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tions 112f, 122f are provided on the protrusion portions 
1 1 2e, 1 22e without cutting part of the protrusion portions 
112e, 122e, and thereby the surface area of the protru- 
sion portions 112e, 122e may be increased without de- 
creasing the thermal conductive area of the fins extend- 
ing to the end of the protrusion portions 112e, 122e. 
[0029] For this reason, a sufficient amount of heat (ar- 
row marks in Fig.4A) may be conducted from the tubes 
111, 121 to the fins 112, 122 (especially to the protrusion 
portions 112e, 122e), and the improvement in radiation 
ability appropriate to the increase in radiation area may 
be achieved accordingly. 

[0030] In addition, the uneven portions 112f, 122f do 
not disturb the airflow as much as the louver 1 1 2d, 1 22d 
because the uneven portion 112f, 122f are not formed 
by cutting part of the fins in contrast to the louvers 11 2d ( 
122d, thereby decreasing the airflow resistance more 
than the louvers. 

[0031] Although the heat transfer coefficient of the 
protrusion portions 112e, 122e may be lower than that 
of the other portions (flat portions 1 12c, 1 22c) or the pro- 
trusion portion 112e, 122e, on which the louvers 112d, 
122d are provided, the surface area of the protrusion 
portions 1 1 2e, 1 22e is increased without decreasing the 
thermal conductive area of the protrusion portions 112e, 
122e, and the air volume is increased due to the de- 
crease of airflow resistance, and thereby the radiation 
ability may be improved. 

[0032] In addition, since the uneven portions 112f, 
122f are also formed so that the ridge direction Dw of 
the uneven portions 112f, 122f is substantially parallel 
with a cutting direction Dr of the louvers 1 1 2d, 1 22d, the 
ridge direction Dw and the cutting direction Dr are both 
substantially perpendicular to the fin material moving di- 
rection of the roller forming machine, and thereby the 
uneven portions 112f and 122f : and the louvers 11 2d 
and 122d may be formed without using a special roller 
forming machine. For this reason, productivity of the fins 
112 and 122 may be improved, and production cost of 
the fins 112 and 122 (the duplex heat exchanger 100) 
may be reduced accordingly. 

(The second embodiment) 

[0033] In the first embodiment, the uneven portions 
1 1 2f and 1 22f are formed in a wave form, but in this em- 
bodiment, the uneven portions 1 1 2f and 1 22f are formed 
with dice-formed unevenness (dimples) as shown in Fig. 
6. 

(The third embodiment) 

[0034] In the above embodiments, the uneven por- 
tions 112f, 122f are formed on the protrusion portions 
1 1 2e, 1 22e without cutting part of the protrusion portions 
112e, 122e. But in this embodiment and after-mentioned 
embodiments, the uneven portions 112f ; 122f are not 
provided, but dimensions of lovers (called protrusion 
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portion louvers 11 2d, 122d hereinafter) formed on the 
protrusion portions 1 1 2e, 1 22e are different from dimen- 
sions of louvers (called flat portion louvers 1 12d, 122d 
hereinafter) formed on the other portions than the pro- 
trusion portion 112e, 122e. 5 
[0035] More specifically, the cutting length L of the 
protrusion portion louvers 11 2d, 122d is determined to ■" 
be decreased with increasing proximity to the protrusion 
end of the protrusion portions 112e, 122e as shown in 
Fig. 7. 10 
[0036] Thus, the airflow resistance of the protrusion 
portion louvers 11 2d, 122d may be reduced, and there- 
by the improvement in radiation ability appropriate to the 
increase in radiation area may be achieved. 
[0037] Since the temperature difference between the '5 
fin and air is generally decreased with increasing prox- 
imity to the fin end (the portion farthest from the tube) 
regardless of the presence or absence of the louver, 
cooling efficiency of Ihe fin is decreased with increasing 
proximity to the fin end. Therefore, in this embodiment, 20 
the airflow resistance is reduced by decreasing the cut- 
ting length L of the protrusion portion louver 1 1 2d, 1 22d 
at the end of the protrusion portion 112e, 122e where 
the cooling efficiency is very low. 

25 

(The fourth embodiment) 

[0038] In this embodiment, cutting length L of the pro- 
trusion portion louver 11 2d, 122d is determined to be 
increased with increasing proximity to the protrusion 30 
end of the protrusion portion 112e, 122e as shown in 
Fig.8. 

[0039] Thus, the airflow resistance of the protrusion 
portion louver 11 2d, 122d may be reduced, and the ra- 
diation ability may be improved accordingly. 35 
[0040] In addition, the cutting length L at the basal 
portion side (tube 111, 121 side) of the protrusion por- 
tions 112e, 122e having high cooling efficiency is de- 
creased to increase the thermal conductive area, and 
thereby sufficient amount of heat may be conducted to *o 
the basal portion side of the protrusion portions 112e, 
1 22e having high cooling efficiency. For this reason, the 
improvement in radiation ability appropriate to the in- 
crease in radiation area may be surely achieved. 

45 

(The fifth embodiment) 

[0041] In this embodiment, as shown in Fig. 9, in the 
region on the protrusion portion 112e, 122e, corre- 
sponding to the main flow path of the air flowing between so 
tubes 111, 121, i.e. the region which is substantially at 
the center of the protrusion portion 112c, 122c and is 
substantially parallel to the airflow, the flat portion 1 1 2h, 
122h is provided on which protrusion portion louvers 
1 1 2d. 1 22d are not formed. 55 
[0042] Thus, the airflow resistance of the region cor- 
responding to the main flow having large flow rate may 
be reduced, and thereby airflow resistance may be re- 



duced effectively, and the improvement in radiation abil- 
ity appropriate to the increase in radiation area may be 
achieved accordingly. 

[0043] As shown in Fig. 9, the flat portions 112h, 122h 
are provided so that the cutting length L of the protrusion 
portion louvers 11 2d, 122d is increased with increasing 
proximity to the protrusion end of the protrusion portions 
112e t 122e as shown in Fig.9, but the flat portion 112h, 
122h may be provided so that the cutting length L of the 
protrusion portion louvers 11 2d, 122d is decreased with 
increasing proximity to the protrusion end of the protru- 
sion portions 112e, 122e. 

(The sixth embodiment) 

[0044] In this embodiment, the cutting angle p of the 
protrusion portion louvers 11 2d, 122d is determined to 
be decreased with increasing proximity to the protrusion 
end of the protrusion portions 112e, 122e as shown in 
Fig. 1 0B. 

[0045] The cutting angle p of the protrusion portion 
louvers 11 2d, 122d is an angle between the protrusion 
portion louvers 1 1 2d, 1 22d formed by cutting and setting 
up part of the flat portions and the flat portions 112c, 
122c. p=0 means that a louver is not formed. 
[0046] Thus, the airflow resistance of the protrusion 
portion louvers 112d, 122d maybe reduced, and there- 
by the improvement in radiation ability appropriate to the 
increase in radiation area may be achieved. 

(Other embodiments) 

[0047] The heat exchanger of the aforementioned 
embodiment is a duplex heat exchanger in which a con- 
denser and a radiator are integrated but the present in- 
vention may also provide a single heat exchanger such 
as a condenser or a radiator. 

[0048] For example, Fig. 11A-11D show a radiator to 
which the spirit of the first embodiment of the present 
invention is implemented. It is apparent from Fig.11C 
that protrusion portion 122e of the fin 122 may be pro- 
vided at both side ends of the fin 122. 
[0049] As described above, the present invention is 
described based on the particular embodiments, how- 
ever, it will be understood by those skilled in the art that 
the embodiments may be subject to numerous adapta- 
tions and modifications without departing from the 
scope and spirit of the invention. 



Claims 

1. A heat exchanger comprising a plurality of tubes 
(111, 121) in which fluid flows and which extend in 
the direction perpendicular to the direction of air- 
flow, and fins (112. 122) which are provided on the 
outer surface of the tubes (111, 121) to accelerate 
the heat exchange between air and the fluid, where- 
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in the fins (1 1 2, 1 22) have protrusion portions ( 1 1 2e, 
1 22e) protruded from an end of the tubes (111.121) 
in the width direction of the tube to the direction per- 
pendicular to the longitudinal direction of the tubes 
(111, 121), and uneven portions (112f, 1220 are 5 
formed on the protrusion portions (1 1 2e, 1 22e) with- 
out cutting part of the protrusion portions (112e, 
122e) to increase the surface area of the fins (112, 
122). 

10 

2. The heat exchanger of claim 1, wherein louvers 
( 1 1 2d, 1 22d) are formed in louver board style by cut- 
ting and setting up part of the fins (112,1 22) on the 
other portions than the protrusion portions (112e, 
122e) of the fins (112, 122). 15 

3. The heat exchanger of claim 2, wherein the uneven 
portions (112f, 122f) are formed in wave form, and 
a ridge direction (Dw) ranging over the summits of 

the crest portions (112g, 122g) of the uneven por- 20 
tions (11 2f, 1 22f) is substantially parallel with a cut- 
ting direction (Dr) of the louvers 112d : 122d. 

4. A heat exchanger comprising a plurality of tubes 
(111, 121) in which fluid flows and which extend in 25 
the direction perpendicular to the direction of air- 
flow, and fins (112, 122) which are provided on the 
outer surface of the tubes (11 1 , 1 21 ) to accelerate 

the heat exchange between air and the fluid, and 
on which louvers are formed in louver board style 30 
by cutting and setting up part of the fins (112.1 22), 
wherein the fins (112, 122) have protrusion portions 
(112e, 122e) protruded from an end of the tubes 
(111, 122) in the width direction of the tube to a di- 
rection perpendicular to the longitudinal direction of 35 
the tubes (111, 121), and the louvers (112d, 122d) 
formed on the protrusion portions (112e, 122e) are 
different from the louvers (112d, 122d) formed on 
the other portions than the protrusion portions 
(112e, 122e) of the fins (112, 122). 40 

5. The heat exchanger of claim 4, wherein the cutting 
length L of the louvers (11 2d, 122d) formed on the 
protrusion portions (1 1 2e, 1 22e) is determined to be 
decreased with increasing proximity to the protru- -*5 
sion end of the protrusion portions (112e, 122e). 

6. The heat exchanger of claim 4, wherein the cutting 
length L of the louvers (11 2d, 122d) formed on the 
protrusion portions (1 1 2e, 1 22e) is determined to be so 
increased with increasing proximity to the protru- 
sion end of the protrusion portions (112e, 122c). 

7. The heat exchanger of claim 4, wherein flat portions 
(112h, 122h), on which the louvers (112d, 122d)are 55 
not formed, are provided in the region on the pro- 
trusion portions (112e, 122e) corresponding to the 
main flow path of air flowing between tubes (111, 
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121). 

8. The heat exchanger of claim 4 : wherein the cutting 
angle 0, of the louvers (11 2d, 122d) formed on the 
protrusion portions (112e, 122e), is determined to 
be decreased v/ith increasing proximity to the pro- 
trusion end of the protrusion portions (112e, 122e). 

9. A duplex heat exchanger comprising a first heat ex- 
changer (110) which is a heat exchanger of any one 
of claims 1 to 8, and a second heat exchanger (1 20) 
which is a heat exchanger of any one of claims 1 to 
8, arranged in series with the first heat exchanger 
(110) in the direction of airflow, wherein the protru- 
sion portions (1 1 2e) of the first heat exchanger (1 1 0) 
are protruded toward the second heat exchanger 
(1 20), and the protrusion portions (1 22e) of the sec- 
ond heat exchanger (1 20) are protruded toward the 
first heat exchanger (110). 

10. The duplex heat exchanger of claim 9, v/herein the 
fin (1 1 2) of the first heat exchanger (1 1 0) and the fin 
(1 22) of the second heat exchanger (1 20) are inte- 
grated. 

1 1 . The duplex heat exchanger of claim 1 0, wherein a 
heat transfer suppressing means (S) for suppress- 
ing the heat transfer is provided between the fin 
(112) of the first heat exchanger (110) and the fin 
(122) of the second heat exchanger (120). 
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